occlusion pressure will be Յ18 mm Hg (2) . The NAECC standardized the definitions of ARDS and defined the difference between acute lung injury and ARDS based on the degree of oxygenation impairment (3) .
Over the last few years, new definitions of ARDS have been introduced that potentially identify patients earlier in their course of acute lung injury. Although such definitions have been useful in epidemiologic investigations, they have not been validated in pediatric populations.
There are reasons to assume that ARDS is different between adult and pediatric patients. The main reason is that ARDS in response to viral infection is much more common in children than in adults (4) . Histologically, three distinct patterns of acute lung injury are usually observed in severe viral infections of the lower respiratory tract: bronchiolitis, acute interstitial pneumonia, and diffuse alveolar damage (5) . Moreover, some investigators have speculated that differences in the reported frequencies and mortality rates of ARDS are primarily due to the variability in the definition of ARDS (6) .
The goal of the present study was to evaluate the validity of the NAECC definition for ARDS in critically ill pediatric patients admitted to a pediatric intensive care unit (PICU) in Bogota, Colombia. A secondary aim was to evaluate the threshold value of the PaO 2 /FIO 2 ratio used to discriminate between pediatric patients with and without an ARDS diagnosis.
MATERIALS AND METHODS
Patients. Patients admitted to the PICU at the Hospital Santa Clara were studied. The Hospital Santa Clara is an urban, universityaffiliated, multidisciplinary, national referral center. The PICU is an 11-bed facility that does not treat neonates. We retrospectively reviewed autopsy reports of all PICU patients who required mechanical ventilation, died, and underwent autopsy between January 1, 1996, and December 31, 2002. The study was approved by the ethics review committee of the Hospital Santa Clara.
Data Collection. Clinical and chest radiograph information was collected retrospectively through chart review using a standardized data collection tool. Data included age, weight, gender, history of chronic lung disease in the newborn period, duration of mechanical ventilation, PICU length of stay, known risk factors for development of ARDS, and the presence of malnutrition. Data included the criteria specified in the NAECC definition of ARDS (PaO 2 /FIO 2 ratio Յ200 mm Hg regardless of the level of positive end-expiratory pressure, bilateral pulmonary infiltrates, and no evidence of left heart failure). The PaO 2 /FIO 2 value included in the analysis was the value recorded at onset of lung injury, when the NAECC criteria were simultaneously met. The presence of bilateral pulmonary infiltrates on chest radiograph made during the period the patient required mechanical ventilation was determined by a radiologist, blinded to the pathologic diagnosis of ARDS.
One board-certified radiologist trained in the interpretation of chest radiographies of pediatric patients with respiratory diseases reviewed all of the chest radiographs for this study. We determined the presence or absence of left heart failure and pulmonary cardiogenic edema from any of the chest radiographs made during the period of mechanical ventilation. To assess the accuracy of the radiographic definition of ARDS, we included an assessment of the degree of inter-radiologist agreement. Two independent board-certified radiologists reviewed a random subset of ten chest radiographs, selected from the 34 patients. Each case was to be sorted as radiographic findings compatible with ARDS (yes vs. no). A patient was defined as having clinical ARDS if all three of the following criteria were simultaneously met at any time during the period of mechanical ventilation: a) presence of a PaO 2 /FIO 2 ratio Յ200; b) presence of bilateral pulmonary infiltrates; and c) no evidence of left heart failure. We used the PaO 2 /FIO 2 ratio and the chest radiograph to analyze the sensitivity and specificity of the NAECC definition of ARDS.
We used the record of the autopsy histologic examination as a "gold standard" for ARDS diagnosis. We defined pathologic ARDS as the presence of diffuse alveolar damage, with interstitial and intra-alveolar edema with hyaline membranes. The pathologist who performed the autopsies and reported the histologic abnormalities is certified in pulmonary pathology. The investigator who collected the clinical and radiograph information was blinded to the pathologic diagnosis of ARDS; however, the pathologist was not blinded to the clinical suspicion of ARDS at the time of the autopsies. To assess the accuracy of the pathologic diagnosis of ARDS, we included an assessment of the degree of interpathologist agreement. The histologic specimens were retrieved, and a random subset of ten slides (five ARDS positive and five ARDS negative) was reviewed by two independent board-certified pathologists. The pathologists were asked to determine whether there was evidence of ARDS in the histologic specimen (defined as diffuse alveolar damage, interstitial and intraalveolar edema, and hyaline membranes).
Statistical Analysis. Differences between categorical variables were analyzed using the chi-square test or Fisher's exact test, whichever was appropriate. Differences between continuous variables were analyzed using the unpaired t-test or Wilcoxon's signed rank test, whichever was appropriate.
We compared the clinical and pathologic diagnoses of ARDS using five criteria (7): 1. Sensitivity (the probability of a clinical diagnosis of NAECC-defined ARDS with pathologic diagnosis of ARDS) 2. Specificity (the probability of not having NAECC-defined ARDS without pathologic diagnosis of ARDS) 3. Positive predictive value (the probability of pathologic diagnosis of ARDS with clinical diagnosis of NAECC-defined ARDS) 4. Negative predictive value (the probability of absence of pathologic diagnosis of ARDS without an NAECC-defined clinical diagnosis of ARDS) 5. Likelihood ratio (the probability of a clinical diagnosis of ARDS in children with a pathologic diagnosis of ARDS, divided by the probability of a clinical diagnosis of ARDS in children without a pathologic diagnosis of ARDS)
For each result, a 95% confidence interval for a binomial proportion was determined.
The best cutoff threshold value of the PaO 2 /FIO 2 ratio to discriminate patients with and without a diagnosis of ARDS was identified by the value giving the best combination of sensitivity and specificity by plotting receiver operating characteristics curves and comparing the areas under each (8) . Area under the curves and standard errors were calculated. All statistical tests were two-tailed, and the significance level used was .05. Statistical analysis was carried out using the SPSS statistical software package version 10.0 (SPSS, Chicago, IL).
RESULTS
During the study period, 41 children died and autopsies were performed on 37 of the 41 (90.2%); parents did not authorize it in the remaining four children. Three children were excluded because their chest radiographs could not be located, leaving a study population of 34 children. Twenty (58.8%) participants were males. The median age was 4.0 months (interquartile range, 2.75-10.0). Of the 34 participants, 82.3% were Ͻ1 yr old, 2.9% were infants between 1 and 2 yrs old, and 14.8% were children Ͼ2 yrs old. The incidence of ARDS (based on pathology) in the study population was 76.5%. To assess the accuracy of the pathologic diagnosis of ARDS, lung histology was independently reviewed by a second pathologist in ten randomly selected children who had died. There was agreement between the pathologists in eight of the ten histologic specimens (four ARDS positive and four ARDS negative). The for pathologic diagnosis of ARDS was 0.6 (SE 0.25), indicating good agreement. We assessed the reliability of the radiologic definition of ARDS by obtaining an independent review of all selected cases by a second board-certified radiologist. The two radiologist agreed on seven of the ten chest radiographs (four ARDS positive and three ARDS negative). The for radiographic definition of ARDS was 0.4 (SE 0.28), indicating moderate agreement. Table 1 summarizes the clinical characteristics of the patients, stratified according to the pathologic diagnosis of ARDS. More males than females had a pathologic diagnosis of ARDS (p ϭ .04). The PaO 2 /FIO 2 value of patients with pathologic diagnosis of ARDS was lower than the value of patients without the diagnosis, although this difference did not reach statistical significance ( Table  1) . The most frequent primary clinical diagnoses were bacterial pneumonia in 17 (50.0%) patients and chronic lung disease in the newborn period in six (17.6%) ( Table 2 ). We identified triggers for ARDS in 25 (73.5%) patients; 24 of them had more than one trigger. The most frequent triggers were pneumonia in 24 (70.6%) patients and sepsis in 24 (70.6%) patients. Aspiration was the identified trigger in one patient (2.9%). The principal causes of death were severe sepsis/ septic shock in 31 (91.2%) patients, refractory hypoxemia in one (2.9%) patient, hepatic failure in one (2.9%) patient, and hypovolemic shock in one (2.9%) patient.
The upper row of Table 3 shows the sensitivity, specificity, positive predictive value, negative predictive value, and likelihood ratio of the clinical diagnosis of ARDS (PaO 2 /FIO 2 ratio Յ200 mm Hg regardless of the level of positive end-expiratory pressure, bilateral pulmonary infiltrates, and no evidence of left heart failure) compared with the pathologic diagnosis of ARDS. Of the 26 patients with a pathologic diagnosis of ARDS (Table 1) , 21 were correctly identified using the NAECC clinical definition of ARDS (sensitivity of 80.7%). The NAECC clinical diagnosis of ARDS had a positive predictive value of 91.3%. However, Table 2 shows that the specificity (71.4%) and negative predictive value (50.0%) of the NAECC clinical definition of ARDS were low.
Receiver operating characteristics curves to evaluate the optimal threshold value of the PaO 2 /FIO 2 ratio to discriminate patients with and without true ARDS yielded a PaO 2 /FIO 2 value Յ150. For this threshold, sensitivity was 95%, specificity was 66.6%, and the area under the receiver operating characteristics curve was 0.81 (SE, 0.17).
The lower row of Table 3 shows that using the threshold PaO 2 /FIO 2 of 150 calculated from the receiver operating characteristics curves causes the specificity, positive predictive value, negative predictive value, and likelihood ratio to increase with respect to the values calculated with the NAECC definition, with no loss of sensitivity.
DISCUSSION
ARDS is characterized by the acute onset of respiratory failure, diffuse bilateral infiltrates on frontal chest radiographs, and absence of cardiogenic pulmonary edema (3) . Since the initial description of ARDS by Ashbaugh et al. (9) , new definitions of ARDS have been introduced that attempt to identify patients earlier in their course of the disease (10) . Although the NAECC definition generally is used (2), some investigators have reported problems with its use and implementation (11) (12) (13) . In one study enrolling adult patients, Esteban et al. (14) compared clinical criteria for ARDS with autopsy findings and found that accuracy of the NAECC definition was only moderate (i.e., sensitivity 75%, specificity 84%). However, there are no data regarding the validity of the NAECC definition in a pediatric population, and there is evidence to suggest that risk factors for ARDS in the pediatric population differ from those in the adult population (4) . ARDS in response to viral infection is much more common in children than in adults (4), with different histologic findings and better prognosis than ARDS triggered by the different causes in adults (5, 15, 16) . Thus, in some cases, ARDS diagnosed clinically in pediatric patients may be different from that encountered in adult populations. By clarifying how well the NAECC diagnostic criteria perform in the pediatric population, one can make recommendations regarding its use in this population.
To calculate the sensitivity and specificity of a test, one must know who actually has the disease and who does not from a source other than the test being evaluated (17) . In the current study, the "gold standard" was the pathologic diag- CLD, chronic lung disease in the newborn period; ALTE, apparent life-threatening event. (10) includes biochemical, immunologic, or cellular mediators, which are important to provide a more homogeneous population of patients with true ARDS (13, 19) . Rubenfeld and colleagues (20) demonstrated high interobserver variability in applying radiographic definitions for ARDS among a panel of international investigators in the fields of mechanical ventilation and ARDS. For these reasons, we decided to consider the histologic findings of diffuse alveolar damage, interstitial and intraalveolar edema, and hyaline membrane as our gold standard for the presence of ARDS. Our results indicated that the NAECC definition has an acceptable sensitivity (80.7%), with a lower specificity (71.4%). The NAECC definition of ARDS therefore can be used to identify pediatric patients who do have ARDS but will be less accurate at identifying those who do not have ARDS.
The sensitivity and specificity of the NAECC definition in these pediatric patients are lower than those reported in adult patients (10) . Our patient population represents the severe end of the clinical spectrum of ARDS (the patients died). In this case, the sensitivity and specificity of the NAECC diagnostic criteria could lead to a spectrum effect and yield artificially increased values of sensitivity (21) . More severe ARDS is more likely to correctly be diagnosed as ARDS (7, 22) . As a result, it may be that the true sensitivity in pediatric patients of the NAECC clinical definition of ARDS is lower than the 80.7% reported here.
The NAECC definition of ARDS had a high positive predictive value (91.3%), so pediatric patients with the diagnosis of ARDS according to this definition had a high probability of having a pathologic diagnosis of ARDS. However, since disease prevalence has a significant impact on predictive values (7), this high positive predictive value might have been due to high prevalence of ARDS in our study population (76.5%). Our evaluation of the PaO 2 /FIO 2 ratio to discriminate patients with and without a diagnosis of ARDS suggested that a PaO 2 /FIO 2 Ͻ150 may even be a better cutoff than Ͻ200 in identifying cases of ARDS. In a previous study of agreement between alternative classifications of ARDS, Meade and colleagues (23) found that using a PaO 2 /FIO 2 threshold of 250, sensitivity rose 1% but specificity fell 11%. When they used a PaO 2 /FIO 2 threshold of 300, sensitivity remained unchanged and specificity fell 4%. These findings are consistent with ours. However, our results contrast with the findings of Moss et al. (10) . They used a modified Lung Injury Severity Score; the only difference between this score and NAECC definition is in the degree of hypoxemia required for the oxygenation criterion (PaO 2 /FIO 2 Ͻ175). When they compared the NAECC definition with the modified Lung Injury Severity Score, they found no difference in the sensitivity and specificity. Our PaO 2 /FIO 2 threshold was lower than the threshold proposed by Moss and colleagues, which may have accounted for the differences we found in diagnostic performance of the PaO 2 /FIO 2 threshold. The reason the lower threshold performed better in our population may be due solely to the disease severity of the patients in this study. Given this limitation of our study, it is clear that a better definition needs to be developed for use in pediatric patients to more accurately diagnose cases of ARDS.
The current study has some limitations that should be considered when interpreting our findings. Only patients who died and underwent autopsy could be included in the study. Thus, our results may not be generalizable to patients with less severe cases of ARDS who ultimately survive their PICU stay. Also, the chest radiographs were interpreted at the time of clinical presentation with clinical information available to the radiologist, potentially biasing the radiographic interpretation. Thus, we may have overestimated the true prevalence of ARDS in our study sample. However, the agreement between ten randomly selected chest radiograph interpretations made by two independent radiologists was moderate. Moreover, our study accurately represents the situation in which radiologists have clinical information at the time of their interpretation, and interpretation of all the chest radiographs was made by the same radiologist, who has extensive expertise in the interpretation of chest radiographs of pediatric patients with respiratory diseases. The radiologist was unaware of the pathologic diagnosis of ARDS.
CONCLUSIONS
Although the NAECC definition seems adequate to discriminate between pediatric patients with and without ARDS, our study suggests the need for further research with larger number of children to identify an optimal PaO 2 /FIO 2 threshold for identifying ARDS in this population. The primary objective of this study was to evaluate the degree to which clinical and pathologic criteria for ARDS agree. Our study was not designed or adequately powered to evaluate the validity of criteria for the clinical diagnosis of ARDS.
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